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Open access under the ElThe aim of this study was to evaluate the effect of culture media and stage of development in the osmotic
ability of in vitro-fertilized bovine embryos and the expression of aquaporin 3 (Aqp3) and Na/K ATPase
isoform 1 (ATPAse1) genes in embryos (i) with different ability to undergo rehydration and (ii) following
vitriﬁcation. In experiment 1, in vitro fertilized presumptive zygotes were co-cultured in SOFaac or mod-
iﬁed CR2aamedium and embryos at blastocyst and expanded blastocyst stages at day 7 post-insemination
were exposed to NaCl hypertonic medium (900 mOsm) for 5 min following 120 min of culture in isotonic
medium in order to evaluate dehydration and rehydration, respectively. No difference (P > 0.05) on blas-
tocyst rate was found between CR2aa and SOFaac medium but embryos co-cultured in SOFaac medium
underwent greater (P < 0.05) dehydration. Embryos at expanded blastocyst stage underwent greater dehy-
dration but slower rehydration than embryos at blastocysts stage (P < 0.05). In the experiment 2, the
amount of Aqp3 and ATPase1 transcripts were quantiﬁed in blastocysts with high or low rehydration after
exposure to hypertonic medium. No difference (P > 0.05) on relative amount of transcripts was found in
either genes. In the experiment 3, expanded blastocysts produced in a co-culture system were vitriﬁed,
warmed and then cultured for 72 h for analysis of embryo survival and amount of Aqp3 and ATPase1 tran-
scripts. Lower (P < 0.05) embryo survival rate was found for vitriﬁed-warmed embryos (57.9%) than for
their fresh counterparts (84.6%). There was no difference on expression of ATPase1 gene but lower
(P < 0.01) amount of Aqp3 transcripts was found in the vitriﬁed-warmed embryos. In conclusion, embryo
ability to undergo shrinkage and swelling is inﬂuenced by medium used in a co-culture system and by
embryo stage. Rehydrating ability of embryos after exposure to NaCl hypertonic medium is not associated
with variations on expression of Aqp3 and ATPase1 genes, but the vitriﬁcation can alter gene expression of
in vitro-fertilized bovine embryos produced in a co-culture system.
 2011 Elsevier Inc. Open access under the Elsevier OA license.Introduction
In vitro bovine embryo industry has grown worldwide, with
important impact for genetic improvement in beef and milk herds
in several countries. A major obstacle for commercialization of
in vitro-produced (IVP) embryos, however, is the cryopreservation,71517, Fapemig project No.
ascimento, 610, Juiz de Fora,
margo3112@ig.com.br (L.S.A.
sevier OA license.since these embryos show an increased sensitivity to chilling and
freezing when compared to the in vivo-produced ones [17]. The
main concerns about cryopreservation procedures are ice crystal
formation, cryoprotectants (CPA) toxicity and osmotic stress [40].
During cryopreservation, cells undergo an extensive dehydration
followed by rehydration caused by permeating CPAs [40], there-
fore, the water and solutes movement across cell membrane play
a crucial role for cell viability. One mechanism by which water
moves across cell membrane is the facilitated diffusion by water
channels called aquaporins (Aqp). Such channels are expressed in
different cell types [4], including embryos [20], with several
isoforms allowing tissue-speciﬁc osmoregulation [16]. Some of
these isoforms are also permeated by small organic compounds
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Aqp3 is an aquaglyceroporin which can enhance cell permeability
to glycerol and other CPAs [8]. Aqp3 can also play a role on cavita-
tion, allowing water movement across the trophectoderm [1],
along with Na/K ATPase enzyme. This latter has a role on establish-
ment and maintenance of an ionic gradient across the trophecto-
derm, contributing to osmotic accumulation of water and
blastocyst cavity formation and expansion [39].
Previous study suggested that osmotic challenges can inﬂuence
Aqp3 gene expression in mammal’s cells. Sugiyama et al. [31]
found higher expression of Aqp3 gene in human keratinocytes
challenged with sorbitol. Bell et al. [3] reported that exposure of
mouse embryos to sucrose hypertonic solution for 6 and 24 h can
also increase Aqp3 gene expression, but no difference was found
when mouse embryos were cultured for 40 h in hypertonic med-
ium [19]. To our knowledge, no similar data are available for
bovine embryos.
In vitro culture can affect the developmental capability of
embryos [33]. Synthetic Oviduct Fluid (SOF) and Charles Rosenk-
rans (CR) are among the base media commonly used for culture
of in vitro-fertilized bovine embryos [32,14,27,6]. Despite those
media were designed for somatic cell-free embryo culture, previ-
ous studies reported that SOF medium can be used in co-culture
system [37] and improve survival and hatching rates and gene
expression of fresh bovine embryos [26,25]. CR2aa medium can
also be used in a co-culture system as an option to produce bovine
embryos with satisfactory results [6]. There are few comparisons
between those media [18] and none evaluating their inﬂuence on
embryo permeability when in a co-culture system, despite the
well-known effect of media on embryo cryotolerance [26].
Currently two methods are available for cryopreservation of
bovine embryos: slow controlled freezing and vitriﬁcation [13].
Both methods can be applied with success to in vivo-produced
embryos [36] whereas vitriﬁcation seems to be a better alternative
for in vitro-produced bovine embryos [34]. Previous studies
reported higher survival rate after vitriﬁcation for bovine embryos
produced in co-culture systems than those produced in cell-free
ones [26,28]. Vitriﬁcation uses high concentration of cryoprotec-
tants to avoid the formation of ice-crystals, but it can also be harm-
ful to embryonic cells [22,35]. The toxicity of a CPA is dependent on
its permeability to cell membrane. Aqp3 water channel can con-
tribute to water, glycerol and ethylene glycol movement in mouse
embryos [8], increasing membrane permeability to these CPAs.
Ethylene glycol is a CPA commonly used in vitriﬁcation solutions
for bovine embryos [35,7] and Aqp3 channel may participate in
the diffusion rate of this CPA during vitriﬁcation.
Considering that dehydration and rehydration are important
events during cryopreservation, this study aimed to evaluate the
effect of culture media and stage of development in the osmotic
ability of in vitro-fertilized bovine embryos. In addition, the
relative expression of Aqp3 and Na/K ATPase isoform alpha 1
(ATPase1) gene was also evaluated in blastocysts with different
ability to undergo rehydration and after vitriﬁcation.Materials and methods
All chemicals were from Sigma Chemical (St. Louis, MO, USA)
unless stated otherwise.Experimental design
Three experiments were carried out in order to evaluate: (1) the
effect of culture media and stage of development in the capacity of
in vitro-fertilized bovine embryos to undergo shrinkage and swell-
ing; (2) the expression of Aqp3 and ATPase1 genes in embryos withdifferent ability to undergo rehydration and; (3) the expression of
Aqp3 and ATPase1 genes in embryos after vitriﬁcation/warming.
Experiment 1
Two trials were performed. In the ﬁrst one, in vitro fertilized
presumptive zygotes were co-culture with their own cumulus cells
in SOFaac [14] or modiﬁed CR2aa (modiﬁed from Rosenkrans Jr.
and First [27] – sodium chloride 108.0 mM, potassium chloride
3.0 mM, sodium bicarbonate 26.0 mM, hemicalcium lactate
5.0 mM, sodium pyruvate 0.36 mM, glycine 10.0 mM, alanine
1.0 mM, glutamine 1.0 mM, minimal essential medium amino
acids [MEM] 10 lL/mL, basal medium Eagle [BME] amino acids
20 lL/mL and BSA 3 mg/mL), both supplemented with 10% fetal
calf serum (FCS). Data of cleavage was collected at 72 h post insem-
ination and blastocyst production at day 7 and 8 post-insemina-
tion. Six replicates were performed.
The second trial evaluated the ability of blastocysts and
expanded blastocysts, co-cultured in CR2aa or SOFaa as in the ﬁrst
trial, to undergo shrinkage and swelling. Embryos at day 7 post-
insemination were exposed to a buffered hypertonic medium with
900 mOsm (TALP-HEPES supplemented with NaCl) for 5 min and
then transferred to an isotonic medium where they remained for
10 min. Afterwards the embryos were cultured in CR2aa medium
under 5% CO2 and 39 C for 120 min. Pictures of embryos from each
culture media were taken at 0, 5, 10 and 120 min (T0, T5, T10 and
T120, respectively), for further area measurement and dehydration
and rehydration calculations. Ability in dehydrate and rehydrate of
embryos co-cultured in CR2aa or SOFaac and of embryos at differ-
ent stages of development (blastocyst and expanded blastocyst)
were compared. Six replicates were performed.
Experiment 2
In this experiment embryos cultured in CR2aa plus 10% (FCS) for
7 days post-insemination were exposed to a hypertonic medium in
the same conditions of experiment 1. At 120 min after exposure,
blastocysts were allocated in two groups according to the rehydra-
tion status: higher rehydration and lower rehydration. Three repli-
cates were performed. Embryos from each group were transferred
individually to a cryotube, rapidly frozen in liquid N2 and stored at
80 C for further RNA extraction and PCR analysis. Total RNA was
extracted from three pools of ﬁve blastocysts of both groups and
quantiﬁcation of Aqp3 and ATPase1 transcripts relative to b-actin
gene was performed in duplicate by real time PCR for further com-
parison between groups.
Experiment 3
Expanded blastocysts co-cultured in CR2aa plus 10% (FCS) were
vitriﬁed by the Open Pulled Straw (OPS) method [35] in a solution
with 20% dimethyl sulphoxide (DMSO) and 20% ethylene glycol
(EG). After warming, embryos were co-cultured in CR2aa medium
with granulosa cell monolayer for 72 h. The control group con-
sisted of fresh embryos (non-vitriﬁed). Post warming survival
was assessed by their re-expansion and hatching at 72 h. Total of
eight replicates were performed. Vitriﬁed-warmed and fresh em-
bryos were transferred individually to a cryotube, rapidly frozen
in liquid N2 and stored at 80 C for further RNA extraction and
PCR analysis. Total RNA was extracted from two pools of ﬁve re-ex-
panded embryos at 72 h and relative quantiﬁcation of Aqp3 and
ATPase1 transcripts was performed in duplicate by real time PCR.
Embryo production
Ovaries were obtained at a local slaughterhouse and shipped to
laboratory in saline solution (0.9% NaCl with 0.1 g/L streptomycin)
at 36.0 C. Follicles were aspirated and cumulus–oocyte complexes
(COCs) with more than three compact layers of cumulus cells and
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ture medium (TCM-199, Gibco Life Technologies, Inc., Grand Island,
NY, USA) supplemented with 20 lg/mL follicle stimulating hor-
mone (FSH; Pluset, Serono, Italy), 0.36 mM sodium pyruvate,
10 mM sodium bicarbonate and 50 mg/mL streptomycin/penicillin
in a humidiﬁed atmosphere of 5% CO2 at 38.5 C for 24 h. For
in vitro fertilization, frozen/thawed semen was centrifuged at
9000g for 5 min in a Percoll discontinuous density gradient
(45–90%) to obtain motile spermatozoa. The pellet was centrifuged
again at 9000g for 3 min in Fert-TALP medium [12]. In vitro fertil-
ization was performed in 100-lL drops of Fert-TALP supplemented
with 2  106 spermatozoa/mL, 20 lg/mL of heparin and 6 mg/mL
of fatty acid free BSA fraction V, covered with mineral oil, for
21 h in a humidiﬁed atmosphere of 5% CO2 and 38.8 C in air. Pre-
sumptive zygotes were partially denuded and co-cultured in CR2aa
or SOFaac media with 10% FCS (Nutricell, Campinas, SP, Brazil)
with their own cumulus cells under 5% CO2 and 39 C in high
humidity for 192 h post-insemination (hpi). Cleavage was assessed
at 72 hpi and blastocyst at 168 (day 7) and 192 (day 8) hpi.
Osmotic challenge
Grade I (according to the IETS Manual [29] blastocysts and
expanded blastocysts underwent osmotic challenge. At time
0 min (T0) embryos were exposed to a buffered hypertonic med-
ium (900 mOsm TALP-HEPES supplemented with NaCl) for 5 min
(T5) and then transferred to isotonic medium (TALP-HEPES) where
they remained for 10 min (T10). All these steps were carried out in
20 lL microdrops at 39 C under mineral oil. Afterwards the
embryos were cultured individually in CR2aa medium under 5%
CO2 and 39 C for 120 min (T120). Pictures of embryos from each
culture media were captured at 0, 5, 10 and 120 min (T0, T5, T10
and T120, respectively), with a CCD camera connected to an in-
verted microscope and saved in a computer using the Pinnacle Stu-
dio software, v. 7.11 (Pinnacle, Mountain View, CA, USA). The
images were analyzed by the ImageJ software v. 1.40 (National
Institute of Health, USA). For embryo area measurement, the zona
pellucida and periviteline space were excluded. For area measure-
ment, images were previously calibrated using a graduated glass
slide. Measures of T0 area (T0 = 1) were used as a reference for fur-
ther T5, T10 and T120 relative area determination. Dehydration
was considered the T5 data and indicates the reduction in area
immediately after embryo exposure to hypertonic medium (T5).
T10 and T120 show the area recovery after 10 (T10) and 120
(T120) min in isotonic medium.
Vitriﬁcation
Vitriﬁcation was performed by OPS method as ﬁrst described by
Vajta et al. [35]. Expanded blastocysts at 168 hpi, morphologically
classiﬁed as good or excellent, were vitriﬁed using DMSO and EG as
CPAs. The embryos were equilibrated into 10% DMSO plus 10% EG
in PBS medium supplemented with 5% FCS (HM2) for 1 min fol-Table 1
Primer sequences used for relative gene expression analysis by real time PCR.










a Aqp3, aquaporin 3.
b ATPase1, Na/K ATPase a1.lowed by 30 s into 20% DMSO plus 20% EG, loaded into OPS and
plunged into liquid nitrogen. Warming was performed by immers-
ing OPS into HM2 with 0.25 M sucrose at 39 C for 1 min, followed
by two-step rehydration in 0.25 M and 0.15 M of sucrose for 5 min
each one. All steps were at 39 C. Afterwards, the embryos were
washed in HM2. Vitriﬁed-warmed embryos were cultured in CR2aa
medium with granulosa cells monolayer for 72 h. Control group
embryos were cultured simultaneously. Survival rate was assessed
by blastocyst re-expansion and hatching at 72 h.
RNA extraction, mRNA ampliﬁcation and reverse transcription
Samples obtained from experiments 2 and 3 were used for RNA
extraction and PCR analysis. Total RNA was extracted from pools of
ﬁve embryos using the RNeasy Micro Kit (Qiagen, Hilden, Ger-
many) according to the manufacturer’s instructions and treated
with DNase. Messengers RNA were ampliﬁed (one round) using
the MessageAmp™II aRNA Ampliﬁcation Kit (Ambion, Austin, TX,
USA) according to the manufacturer’s instructions, in order to get
enough material for transcript analysis. This procedure generated
a ﬁnal volume of 20 lL with concentration of 70 ng/lL of
anti-sense ampliﬁed RNA (aRNA). The aRNA samples were reverse
transcribed (RT) using the SuperScript III First-Strand Synthesis
Supermix (Invitrogen, Carlsbad, CA, USA) and a random hexamer
primer, according to the manufacturer’s instructions. Complemen-
tary DNA quantiﬁcation from each pool per group was performed
using 1 lL of sample and a spectrophotometer (NanoDrop,
Wilmington, DE, USA).
Relative quantiﬁcation by real-time PCR
Relative quantiﬁcation was performed in duplicate using real-
time PCR (ABI Prism 7300 Sequence Detection Systems, Applied
Biosystem, Foster City, CA, USA) with a mixture of Power SYBR
Green PCR Master Mix (Applied Biosystems), 200 ng of cDNA,
nuclease-free water, and speciﬁc primers for each reaction. Tem-
plate cDNA was denatured at 95 C for 10 min, followed by 40
cycles of 95 C for 15 s, a gene-speciﬁc primer annealing tempera-
ture for 30 s (Table 1), and elongation at 60 C for 30 s. After each
PCR run, melting curve analysis was performed for each sample
to conﬁrm that a single speciﬁc product was generated. Amplicon
sizes and speciﬁcity of products generated were conﬁrmed by 2%
agarose gel electrophoresis; the gels were stained with bromide
ethidium. Negative controls, comprised of the PCR reaction mix
without nucleic acid, were also run with each group of samples.
Primer efﬁciency was calculated for every reactions using Lin-
RegPCR software [24]. The average efﬁciency of each set of primers
was calculated and taking into account all groups. Expression of
the beta-actin gene was used as endogenous reference and the
coefﬁcient of variation of cycle threshold among assays was 9.9%
and 6.2% for experiments 2 and 3, respectively. Relative abundance
(RA) analyses were performed using REST 2008 software [23] and





Development of in vitro fertilized bovine zygotes co-cultured with cumulus cells for 8 days post-insemination in SOFaac or CR2aa media.
Medium n Cleavage % (n) Blastocysts at day 7% (n) Blastocysts at day 8% (n)
SOFaac 260 56.6 ± 7.5% (149) 21.7 ± 3.4% (58) 29.2 ± 5.1% (76)
CR2aa 198 59.3 ± 12.2% (118) 27.0 ± 5.2% (53) 27.7 ± 3.4% (54)
Values are shown as mean ± SEM. No difference between media (P > 0.05).
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Data were analyzed by ANOVA and differences among means
were compared by the Student–Newman–Keuls’ (SNK) test using
the general linear model (GLM) of SAS version 9.1 (SAS Institute,
Cary, NC, USA). Proportional data of blastocysts re-expansion and
survival (experiment 3) were analyzed using chi-square. Relative
gene expression analyses were performed by REST 2008 software
v. 2.0.7 (Corbett Research Pty, USA) using a pair-wise ﬁxed reallo-
cation randomization test. P < 0.05 was considered signiﬁcant. Val-
ues are presented as the mean ± SEM, except for re-expansion and
survival data, which are presented as percentage.
Results
Experiment 1
No difference (P > 0.05) was found on cleavage and blastocyst
rates between embryos cultured in CR2aa or SOFaac media (Table
2) in the ﬁrst trial. In the second trial, in vitro fertilized presump-
tive zygotes were co-cultured in CR2aa or SOFaac media and those
which achieved blastocyst or expanded blastocyst stages were
exposed to hypertonic medium (900 mOsm). Fig. 1 shows repre-
sentative images of an in vitro-produced bovine embryo before
exposure to hypertonic medium (T0), immediately after 5 min in
hypertonic medium (T5), and 10 min (T10) and 120 min (T120)
following exposure to hypertonic medium and then isotonic
exposure. After 5 min in hypertonic medium (T5), embryos
cultured in SOFaac medium underwent greater reduction of area
(P < 0.01) than those cultured in CR2aa (Fig. 2A), indicating higher
dehydration. After returning to isotonic medium, area recovery atFig. 1. Representative images of an in vitro-fertilized expanded blastocyst before exposu
medium (T5), and 10 min (T10) and 120 min (T120) in isotonic medium following expoT10 and T120 were not different between embryos cultured with
CR2aa or SOFaac (Fig. 2A).
When relative area was compared between different stages,
embryos at expanded blastocyst stage underwent higher
(P < 0.05) reduction in area at T5 than embryos at blastocyst stage.
However, area recovery was greater (P < 0.05) for embryos at blas-
tocyst stage at T10 and T120 (Fig. 2B).Experiment 2
Expression of ATPase1 and Aqp3 genes was compared between
embryos with greater (1.18 ± 0.02; n = 15) and lower (0.82 ± 0.03;
n = 15) area recovery after 5 min in hypertonic medium followed
by 120 min in isotonic medium (Fig. 3) in order to detect an asso-
ciation between level of rehydration and gene expression. No dif-
ference (P > 0.05) on relative abundance of ATPase1 and Aqp3
transcripts between embryos with high and low rehydration was
found (Fig. 4A).Experiment 3
Viability of vitriﬁed-warmed embryos and relative abundance
of ATPase1 and Aqp3 transcripts were evaluated after culturing
embryos for 72 h. Embryos survival was lower (P < 0.05) following
vitriﬁcation (57.9%; n = 57) than for fresh (non-vitriﬁed) embryos
(84.6%; n = 52). The relative abundance of Aqp3 was lower
(P < 0.01) for vitriﬁed-warmed embryos, but no difference
(P > 0.05) on ATPase1 was found (Fig. 4B).re to hypertonic solution (time 0 min = T0), immediately after 5 min in hypertonic
sure to hypertonic medium.
Fig. 2. Osmotic behavior of in vitro-fertilized bovine embryos exposed to NaCl hypertonic medium for 5 min (T5) and then culture in isotonic medium for 10 (T10) and 120
(T120) min. (A) relative area (mean ± SEM) of bovine embryos cultured in SOFaac (n = 27) or CR2aa (n = 38) medium. (B) relative area (mean ± SEM) of in vitro-fertilized
blastocysts (BL; n = 38) and expanded blastocysts (EXB; n = 27). T0 (time 0 min) indicates the initial area before osmotic challenge (T0 = 1) and it was used for calculation of
relative area at T5, T10 and T120. Dehydration is represented by T5 (time 5 min) data and rehydration is represented by T10 (time 10 min) and T120 (time 120 min) data. Lines
with different letters within the same time differ (P < 0.05).
Fig. 3. Representative images of in vitro-fertilized blastocysts presenting low and high rehydration maintained in isotonic medium for 120 min after 5 min of exposure to
hypertonic medium.
Fig. 4. Relative expression of Na/K ATPase alpha 1 (ATPase1) and aquaporin 3 (Aqp3) genes in in vitro-fertilized bovine embryos. (A) Blastocysts with high or low rehydration
after 5 min in hypertonic medium followed by 120 min in isotonic medium. Control: blastocysts not exposed to hypertonic medium (relative expression = 1). No differences
among columns (P > 0.05). (B) Blastocysts at 72 h after vitriﬁcation/warming. Fresh embryos: non-vitriﬁed blastocysts (relative expression = 1). Column with asterisks (⁄)
differ from fresh embryos (P < 0.05). Values in both panels are shown as mean ± SEM range.
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Membrane permeability is crucial for cell survival during cryo-
preservation. The current study shows that culture medium can
inﬂuence the ability of in vitro fertilized bovine embryos to under-
go shrinkage and swelling. Such ability can also be inﬂuenced by
embryo stage. In addition, it shows that the embryo rehydrating
ability after exposure to a NaCl hypertonic medium is not associ-
ated with the expression of Aqp3 and ATPase1 genes; the amount
of Aqp3 transcripts, however, can be altered following a vitriﬁca-
tion/warming procedure.
CR2aa and SOFaac are media commonly used for culture of
in vitro-fertilized bovine embryos [32,14,27,6] and both producesimilar embryos rates. The present study used these media in the
co-culture system and also observed no difference on embryo pro-
duction. Embryo ability to undergo dehydration, however, was
affected by these different culture media, with higher dehydration
being found for embryos cultured in SOFaac medium. These ﬁnding
suggest that embryos co-cultured in SOFaac medium may have
greater permeability to water when exposed to hypertonic
solutions.
We showed that embryos at expanded blastocyst stage undergo
greater dehydration in hypertonic medium but slower rehydration
after returning to an isotonic medium than those at blastocysts
stage. These characteristic can favor the expanded blastocysts dur-
ing cryopreservation, making them less sensitive to an osmotic
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rehydration may occur because embryos in expanded blastocyst
stage have lower area/volume ratio than those in blastocyst stage.
Embryos at late stage of development have more cells and greater
blastocoel, resulting in a higher volume, which may take longer for
initial recovery following dehydration. Previous studies reported
an effect of embryo stage on survival after cryopreservation of
in vitro fertilized embryo, with larger blastocysts being more able
to survive after exposure to CPAs and vitriﬁcation [7,15]. Our data
suggest that greater cryosurvival of expanded blastocysts may be
associated with their osmotic behavior when compared to
embryos at blastocyst stage.
In order to evaluate the association between expression of
genes encoding proteins associated with water transport across
membrane and embryo ability to undergo rehydration, analyses
of Aqp3 and ATPase1 genes expression were performed in blasto-
cysts with greater or lower rehydration patterns. No difference
on relative expression of both genes was found among pools of
embryos with different ability to rehydrate. Aqp3 protein can
enhance cell permeability not only to water but also for glycerol
and other CPAs [8] whereas Na/K-ATPase alpha 1 is a subunit of
the protein that mediates the active ion transport across the troph-
ectoderm, resulting in a gradient that drives water into the blasto-
cyst cavity [38]. Expression of Aqp3 gene was previously detected
in murine and bovine embryos [20,5]. Culturing human keratino-
cytes in hypertonic medium (542 mOsm; sorbitol) for 24 h, Sugiy-
ama et al. [31] found high Aqp3 gene expression level suggesting
that osmotic stress can up-regulate expression of this gene in these
cells. Such effect, however, was not observed by Offenberg and
Thomsen [19] in murine embryos undergoing similar challenge
(350–400 mOsm; glycerol or sucrose). Our results suggest that
expression of Aqp3 gene has limited participation on rehydration
of in vitro-fertilized bovine blastocysts.
The proposed role of Na/K ATPase is the trans-epithelial trans-
port of sodium against concentration gradients to the blastocoel
cavity [38]. We can speculate that the expression of Na/K ATPase1
genewas not altered in the current study because the embryoswere
challenged with a hypertonic medium with elevated NaCl concen-
tration, which drove sodium inﬂux in favor of gradient of concentra-
tion to blastocoeles, increasing its sodium concentration, while
water was lost by osmosis. In that situation, the expected cell
response following the osmotic challenged is to reduce theNa pump
activity to avoid an over blastocoeles accumulation of sodium and
subsequent osmotic shock. Therefore, in such situation, therewould
not be demand for over expression of Na/K ATPAse1 gene.
The third experiment evaluated the viability of vitriﬁed-
warmed in vitro-produced embryos and their relation with the
amount of Aqp3 and Na/K ATPase1 transcripts. Lower survival at
72 h of culture was found for vitriﬁed-warmed embryos than their
control counterparts. The abundance of Aqp3 transcripts was lower
for vitriﬁed-warmed embryos, but no difference was found for Na/
K ATPase1 mRNA. Alterations on gene expression following cryo-
preservation of somatic cells, oocytes and embryos have been
reported [9,21,30], which may contribute to the lower viability
after cryopreservation.
Results of in vitro-fertilized embryo survival following cryo-
preservation have been inconsistent among studies [26,34,10]
and vitriﬁcation procedures for in vitro-produced bovine embryos
still need improvement in order to reduce injuries to the embryos
[21,11]. In the current study we observed that vitriﬁcation can also
alter gene expression in bovine embryos produced in vitro. The
lowest relative amount of Aqp3 transcripts in the vitriﬁed-warmed
embryos reported in the current study might be due to the low
capacity of embryo genome in reestablishing Aqp3 transcripts
store after vitriﬁcation procedures. Such disturb may suggest that
despite the re-expansion and in vitro survival at 72 h afterwarming, vitriﬁed-warmed embryos may undergo molecular alter-
ations that compromise the further development. For instance,
expression of Aqp3 gene and protein seems to be important to pre-
serve homeostasis during pregnancy [2] and its deregulation may
be associated to oligohydramnio in humans [41]. Therefore, alter-
ations on expression of genes important for conception and gesta-
tion maintenance, like Aqp3, could contribute to inconsistent
survival and pregnancy rates of vitriﬁed-warmed bovine embryos
produced by in vitro fertilization.
Conclusion
In conclusion, embryo ability to undergo shrinkage and swelling
is inﬂuenced by medium used in a co-culture system and by em-
bryo stage; therefore such aspects may be involved in cryopreser-
vation efﬁciency and should be taking into account. Vitriﬁcation
can alter gene expression of in vitro-fertilized bovine embryos
co-cultured with cumulus cells but the expression of Aqp3 and
Na/K ATPase1 genes seems to be not associated to rehydration of
bovine embryos challenged with NaCl hypertonic solution.
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